Introduction
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Isoquinolines and related derivatives including cinnolines are found in many bioactive natural products. They constitute key structural components in pharmaceuticals, agrochemicals, as well as materials such as dyestuffs and liquid crystals.
1,2 As a consequence, their synthesis has been a topic of much 20 research over the past years. 3, 4 The introduction of fluorine into the original molecules has come into wide use as one of the most efficient methods for modification of their biological activities as well as their physical and chemical properties. Thus, fluorine-containing 25 isoquinoline derivatives have attracted considerable attention. 5 Despite the great utility and immense potential of ring-fluorinated isoquinoline frameworks, both as components and intermediates, 6 there still remain problems in their synthesis. † 7-9 30 In our recent publications, we have reported the construction of isoquinoline frameworks via the intramolecular substitution of tosylamidate anions, nitrogen nucleophiles bearing an N-C single bond (sp 3 -type nucleophiles), for vinylic fluorines in ortho-functionalized 35 β,β-difluorostyrenes 1 (Scheme 1). 8a This ring formation is promoted by the unique reactivity of 1,1-difluoro-1-alkenes toward nucleophilic substitution of their vinylic fluorines via addition-elimination processes, 5c followed by aromatization via elimination of a sulfinic acid to provide the heteroaromatic 40 system 2. 
Results and discussion
Synthesis of 3-fluoroisoquinoline N-oxides and 3-
fluoroisoquinolines
For the purpose of preparing the starting β,β-difluorostyrenes 4 with an oxime moiety at the ortho position, β,β-difluoro-oformylstyrenes 3 were treated with hydroxyamine hydrochloride (NH 2 OH•HCl) in the presence of Et 3 N. 60 Unexpectedly, the reaction directly produced 3-fluoroquinoline N-oxide 5a in 67% yield, instead of the expected oxime 4a (Scheme 2). This result suggests that β,β-difluoro-o-formylstyrene 3a was initially converted into oxime 4a, which in turn readily underwent the intramolecular 65 vinylic substitution, followed by deprotonation on the oxygen, leading to the final product, isoquinoline N-oxide 5a. ‡ Although this cyclization successfully proceeded, there was a drawback in the thermal instability of the starting material, β,β-difluoro-o-formylstyrenes 3. The coupling reaction of an in-situ generated 2,2-difluorovinylborane with oiodobenzaldhyde 10 afforded 3a in 84% yield, as determined by 19 F NMR, while the isolated yield was reduced to 62% after 5 silica gel column chromatography. Then, we tried to combine the coupling reaction and the cyclization without purification of unstable 3, which process could improve the synthesis of 5. After the generation of difluorovinylboranes from 2,2,2-trifluoroethyl 4-methylbenzenesulfonate (CF 3 CH 2 OTs) and 10 their coupling reaction with o-iodobenzaldehyde, the crude products were treated with NH 2 OH•HCl, leading to the isoquinoline N-oxides 5a and 5b (R = n-Bu and sec-Bu) in 71% and 69% yields from the starting o-iodobenzaldehyde (Scheme 3).
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As further examples of this type of cyclization, we examined a similar in-situ preparation of imine nitrogen nucleophiles (HN=CH-). When the crude formylstyrenes 3 were treated with NH 4 OAc as an ammonia source, dehydration and subsequent cyclization were smoothly 20 induced to give isoquinolines 6a and 6b (R = n-Bu and secBu) in 70% and 71% yields based on o-iodobenzaldhyde, respectively (Scheme 3). ‡ 
Reactions of 3-fluoroisoquinoline N-oxides
The remaining fluorines in isoquinoline N-oxides 5 were expected to be quite reactive toward replacement by nucleophiles via similar addition-elimination processes, 30 which allows the introduction of another substituent into the isoquinoline nuclei. Initially, we attempted the reaction of 5a with oxygen and sulfur nucleophiles. On treatment of 5a with KOt-Bu or LiSPh as a nucleophile in THF, the expected substitution of the fluorine proceeded to give the 35 corresponding insoquinoline N-oxide 7a or 7b bearing an oxygen or a sulfur functional group at the 3-position (Scheme 4; Table 1 , entries 1 and 2). A nitrogen nucleophile, pyrrolidine, also brought about a similar substitution under less basic conditions to yield 7c (Table 1, entry 3) . Thus, the 40 reaction of 5a with nucleophiles occurred regioselectively at the 3-position via ipso-attack, whereas it is known that isoquinolines are highly reactive toward nucleophiles at their 1-position. 
Synthesis of 3-fluorocinnolines
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As shown in Scheme 3, the direct construction of isoquinoline nuclei has been successfully achieved by the intramolecular substitution of the oxime and imine sp 2 nitrogen (HON=CH-and HN=CH-). Using this tactics, we next investigated the intramolecular substitution of a diimide sp 2 nitrogen (HN=N-), 70 where the imino carbon was replaced by a nitrogen atom. This reaction would result in the construction of the cinnoline ring structure.
o-Amino-β,β-difluorostyrenes 9, prepared from CF 3 CH 2 OTs and o-iodoaniline, 12 were treated with isoamyl nitrite (i-AmONO) for diazotization, and then subsequently reduced with n-Bu 3 SnH. The expected intramolecular substitution of the terminal diazenyl nitrogen (HN=N-) 5 proceeded smoothly, to give 3-fluorocinnoline 10a in 58% yield. ‡ Then we tried several other reducing reagents, and found that benzenethiol raised the yield of 10a and 10b (R = n-Bu and sec-Bu) to 88% and 87%, respectively (Scheme 6).
In the reaction of 9a, diphenyl disulfide (PhSSPh) was 10 obtained in 90% yield based on PhSH, which implies that PhSH definitely acted as a reducing agent. 
4-(Butan-2-yl)-3-fluoroisoqunoline N-oxide (5b)
Compound 5b was prepared by the method described for 5a 35 using butyllithium (1. Purification by thin layer chromatography on silica gel (AcOEt-hexane 1:10, and then benzene-AcOEt-hexane 1:10:10) to give 6b (65 mg, 71% at -78 °C, and then a solution of 5a (96 mg, 0.44 mmol) in THF (2.0 mL) was added at -78 °C. After being stirred for 3 h, the mixture was allowed to warm up to 0 °C and stirred for an additional 2 h. The reaction was quenched with phosphate buffer (pH 7). Organic materials were extracted with MeOH- 
